Here we directly tested whether global attentional modattention takes place according to the veridical physiulation is indeed restricted to the specific feature that cal associations between the color and motion sigis attended inside the focus or, instead, spreads to nals, even under special circumstances when they other task-irrelevant features that are associated with are perceptually misbound. These results imply that the attended one. If the latter turns out to be the case, the units of implicit attentional selection are spatioit would provide evidence that the units of implicit attemporally colocalized feature clusters that are autotentional selection are not isolated features but are matically bound throughout the visual field.
The basic stimulus design in our psychophysical studies was similar to that used in previous neurophysiological (Treue and Martinez-Trujillo, 1999 ) and fMRI (Saenz et al., 2002) experiments, which provided evidence that directing attention to a visual feature of an object results in a global modulation of the neural responses to this feature across the entire visual field. However, while previous studies investigated global attentional effects outside the focus of attention on the processing of the same visual feature (intra-feature attentional effects), we tested whether global attentional selection affects other, task-irrelevant features of unattended objects that share the attended feature (cross-feature attentional effects).
Results

Cross-Feature Effects of Implicit Attentional Selection
The stimulus in our first experiment consisted of two populations of differently colored dynamic dots displayed on each side of the fixation point ( Figure 1A ). One aperture contained flickering dots with one or two brief (150 ms) bursts of coherent horizontal motion. The aperture on the other side contained transparently moving red and green dots (upward and downward). Each trial lasted for 3 s. Observers first attended selectively to one of the dot populations of the oppositemotion display in order to detect a brief color contrast increment or decrement that occurred after a variable delay (attention task). Then, observers were cued by a beep to switch attention to the stimulus on the other side of the fixation point to discriminate the direction of a brief motion probe, containing equal numbers of red and green dots (direction discrimination task). Motion coherence thresholds in the direction discrimination task were measured with and without a brief subthreshold motion prime containing dots of one color (Melcher and Morrone, 2003) . The subthreshold prime on the unattended side was presented at exactly the same time as the color change on the attended side, Squares show data for seven subjects, and the circle shows the other color. Here, 1.0 signifies no effect of the prime (sensitivity was average value, which was significantly higher for the matching equivalent to trials with no prime), while 2.0 indicates a doubling of prime than for the unmatched prime (t = 6.356, p < 0.001). sensitivity (complete temporal integration of prime and probe). the attended color-and not when they were differentwas the subthreshold prime temporally integrated with the subsequent motion probe, resulting in a nearly 2-fold increase in motion coherence sensitivity ( Figure 1D) , this possibility appears unlikely. On the side where the coherent motion prime occurred, the superimposed red and green dots were both flickering and thus were not perceptually segmented into two different surfaces. Therefore, objectbased selection would predict that if attention was directed to the flickering dot field when the motion prime occurs, then the red and green dots would be integrated into a single surface, so attention to either of the colors would result in an equal attentional modulation. To test this prediction, in the second experiment we changed the display so that the color changes and coherent motion prime occurred on the same side that contained flickering dots, with attention always directed only to this aperture ( Figure 2A ). Under these conditions, the prime increased the performance in the motion discrimination task independently of whether the color of the prime dots and the attended color were the same or different ( Figures 2B-2D ). These results exclude the possibility that the cross-feature attentional effects found in our first experiment were due to spared attentional resources directed to the aperture with the motion prime. This is because such spared attention Figure 3A. A percentage of the randomly moving dots in the rightmost peripheral region formed the motion prime, and it was presented simultaneously with the color transient in the central region. Following the color task, observers were cued to attend to the rightmost peripheral region that had contained the prime and performed a motion direction discrimination task for the probe, which contained equal numbers of red and green dots. There were two different stimulus conditions: in one case the attended color in the central aperture matched the color of the randomly moving dots in the rightmost peripheral region (illustrated in Figure  3A) , while in the other case it matched the color of the coherently moving dots.
Feature Binding that Mediates Implicit
It was found that the addition of the prime affected we addressed in our third experiment, the relevant finding is that the subthreshold prime motion signal was Discussion modulated by implicit attention according to its veridical spatiotemporal association with the color signal, Our results show that implicit attentional modulation spreads to task-irrelevant visual features that are spanot its perceptual association. ). Dots were presented in two 6°× 6°apertures, 12°apart centerto-center (see Figure 1A) . Each region contained 100 dots, half red 450 total dots rather than 200. Procedure and half equiluminant green. One region contained dots of one color moving upward and dots of the other color moving downward
The tasks and timing were identical to the first experiment. First, there was a color contrast task (center), followed by a beep that at 3°/s. Dots in the other region were replotted at 63 Hz, creating the impression of incoherent flickering noise. The motion prime and cued the observer to shift attention to the rightmost region for a motion test. On each trial, the color of the moving and nonmoving probe each contained a subset of dots moving coherently either to the right or left at 10°/s for 150 ms before returning to incoherent dots was switched in either the left-or rightmost region of dots (i.e., the drifting dots were made red instead of green, while the noise (for details, see Melcher and Morrone, 2003) . The motion strength of the prime was determined independently for each obrandom noise dots were made green instead of red). Perceptually, this change had no noticeable effect, with all of the vertically server to get the maximum value that would lead to chance performance (see Supplemental Data). The prime and probe were sepatranslating dots appearing to be of the same color. Subjects were tested on the ability to judge which region was "odd" in separate rated by 500-700 ms (exact timing of probe was chosen randomly on each trial). The attended region of dots contained a brief (150 blocks of trials and performed at chance (average for six observers was 51% correct). On trials containing a motion prime, the prime ms) color change, which was either an increment (i.e., the dot color became more saturated) or decrement (less saturated). The prime was presented in the noise dots in the rightmost region of dots. and the color contrast discrimination task occurred simultaneously to ensure that attention was focused on the color-change task during the prime. The magnitude of color change was determined durSupplemental Data ing pilot trials independently for each subject to maintain perforThe Supplemental Data for this article can be found online at http:// mance at 75%-85% correct. There was no significant difference in www.neuron.org/cgi/content/full/46/5/723/DC1/. performance in the attention task across conditions. Procedure Each trial contained a color contrast discrimination task followed
